We evaluate the recent evidence for real interest parity (RIP), focusing on long-term yields. Examining the data on financial instruments of various maturities across the G-7 countries, we find substantial differences in the degree of real interest equalization measured at different horizons. In general, RIP holds better at long horizons than at short. This empirical result is robust to alternative ways of modeling expected inflation rates. Considering the relevance of long-term yields for the investment decisions of firms and investors, our findings imply that the degree of capital mobility among the G-7 economies may be greater than previously thought.
U N C O R R E C T E D P R O O F
Introduction
Over a decade ago, in his survey of international capital mobility, Frankel concluded: …a currency premium remains, consisting of an exchange risk premium plus expected real currency depreciation. This means that, even with the equalization of covered interest rates, large differentials in real interest rates remain.
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Financial integration and real interest rates
Financial market integration refers to the ease with which assets are traded across borders and currency denominations. A decomposition of the nominal interest differential on instruments of comparable default attributes is helpful at this point. 
where i t k is the nominal interest rate for a domestic debt instrument of maturity k, i t k* the foreign counterpart, s t the (log) spot exchange rate at time t, f t k the (log) forward exchange rate at time t (in the US dollar/foreign currency units) for a trade at time t+k, and s t,t + k e the (log) spot exchange rate expected for period t +k, as of time t. The term fd t k is the forward discount, and (s t,t + k e − s t ), the rate of expected depreciation. The first two terms on the right-hand side of Eq. (1) are referred to as a covered interest differential and an exchange risk premium, respectively.
The existence of a covered interest differential is often taken as a manifestation of 'political risk', caused either by capital controls, or the threat of their imposition. In the absence of these barriers, such differentials should not exist because they imply unlimited arbitrage profit opportunities. Frankel (1989) terms the condition of a zero covered interest differential 'perfect capital mobility'.
The absence of an exchange risk premium constitutes 'perfect capital substitutability'. This condition arises when government bonds, denominated in differing currencies, are treated as perfect substitutes. Investors will act this way either when they are risk neutral, or when government bonds are actually identical in all important aspects.
A plethora of studies too numerous to mention have examined both issues for the G-7 countries. It is generally found that the covered interest differential can essentially be ignored from the 1980s onward for most of the countries in the sample. One exception is Canada; onshore interest rates apparently deviated from covered interest parity (Chinn and Frankel, 1994) due to uncertainty regarding the prospects for Canadian federalism. However, for other countries the differential is essentially zero.
While financial capital apparently moves with ease to locations where the rate of return is highest, it is not so clear that movements of capital are sufficient to equalize real rates of return. To see that this is a more stringent requirement, consider the situation where uncovered interest parity (UIP) holds,
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Suppose further that goods prices are also equalized up to a constant. In particular, assume relative purchasing power parity (PPP) holds in expectation:
so that expected depreciation equals the expected inflation differential. Equating Eqs. (2) and (3), and rearranging yields:
Eq. (4), RIP, states that ex ante real interest rates should be equalized, or alternatively the difference between the two expected real interest rates should be zero. This is the definition of capital mobility we adopted in this study. Note that RIP involves the conditions in both financial and goods markets and can be interpreted as an equalization of expected rates of return in terms of physical goods. In the subsequent sections, we evaluate the recent evidence of capital mobility among the G-7 economies by the degree to which the equalization is attained. Although one does not observe the expected real interest rates, they can be approximated in a variety of ways in empirical analyses. The first is to use the unbiased hypothesis again and calculate ex post real interest differentials. The second is to model inflationary expectations as a time series process. Most studies have adopted the former approach. Cumby and Mishkin (1986) , BlundellWignall and Browne (1991) and Taylor (1991) tested Eq. (4) by regressing one ex post real interest rate upon the other:
Cumby and Mishkin (1986) examined monthly data on 3 month offshore rates for eight industrialized countries over the 1973:06-1983:12 period, and generally reject the hypothesis that u = 1. Blundell-Wignall and Browne (1991) use onshore rates to test Eq. (5) over data extending up to the second quarter of 1990. They found that RIP is again often rejected, but that linkage (u= 1) is not rejected in four cases: Italy, UK, Netherlands and Switzerland against the US. Taylor (1991) tested for a similar relationship for EMS countries and found that linkage was rejected even for intra-EMS country pairs. The results of these previous studies suggest that the evidence for RIP has been rather limited when short horizon data are used. In the following sections we investigate if the same conclusion is obtained when the yields on longer maturity instruments are considered. 
Data
The yields of financial instruments with various maturities are considered for the G-7 countries. The short-term interest rates we examine are the 3, 6 and 12 month maturity eurocurrency yields. There are two sets of long-horizon interest rate data. The first is the end-of-month yields on outstanding government bonds with 10 year maturity at the date of issuance, used by Edison and Pauls (1993) . The second data set, available only for selected countries, consist of the synthetic 'constant maturity' 5 and 10 year yields that are interpolated from the yield curve of outstanding government securities. For the price series, we use both the consumer price index (CPI) and the wholesale price index (WPI) provided by IMFs International Financial Statistics (IFS). 4 All data are at a quarterly frequency. The short-horizon interest rate data are generally available for 1976Q1-2000Q1. The benchmark sample period for the long-horizon interest data is 1973Q1-2000Q1. After allowing the maximum of 10 year horizon, that is allowing k to be 40, the available estimation period is 1973Q1-1990Q1. In some cases the sample period is constrained further by limitation of the interest rate data (see the data given in Appendix A for details).
Realized real interest rates
As a preliminary analysis, we examine the ex post or realized real interest differentials (RRID) between the US and the remaining G-7 countries:
Panels A and B of Table 1 report the mean and standard deviation of the RRID in annualized percentage terms at short and long horizons, respectively. Note that, except for a 3 month horizon, using the quarterly frequency data leads to (k− 1) periods of overlapping observations, thus, the longer-horizon series are artificially smoothened to obtain smaller standard deviations. To see if the mean of the RRID is significantly different from zero, we also report the corrected standard errors (Hansen, 1982) . When the CPI is used to measure the price levels, the RRID of Canada, France and Italy are significantly different from zero up to a 1 year horizon. In other words, on an average, realized real interest rates are not equalized at short horizons. At 5-10 year horizons, however, the mean RRID for Canada becomes undistinguishable from zero. For France and Italy, the RRID diminish in absolute values at a 10 year horizon although still significantly negative on average. Similar to Canada, Japan's mean RRID becomes insignificant at longer horizons. In general, over 5-10 year horizons the real interest rates of Canada and Japan are ex post equalized with that of the US. 5 The same pattern does not apply, however, a Mean and standard deviations of the realized real interest rate differentials vis-a-vis the US are reported in annual percentage terms. Panels A and B summarize the short horizon and long horizon data, respectively. The numbers in parentheses are the corrected asymptotic standard errors for the means. ** and *denote statistical significance at 1 and 5% levels, respectively. Due to data limitation, WPI-based differentials are not available for France and Italy. The sample periods are as specified in Appendix A. 
by using the Generalized Method of Moments (GMM) estimator of Hansen (1982) to correct the standard errors for MA(k −1) terms in the residuals. 6 The results with the CPI and the WPI are summarized in Tables 2 and 3 , respectively. Panel A of each table contains the short-horizon results and Panel B the long-horizon ones. The CPI results, given in Table 2 , exhibit a remarkably clear pattern. The value of the slope coefficient estimate increases and becomes closer to unity as the maturity is extended. At 5 and 10 year horizons, the slope coefficient estimates are not statistically different from the theoretical value of unity in most cases. Furthermore, there are five cases (with Canada, Germany and the UK) in which we fail to reject the joint hypothesis of h = 0 and i= 1, indicating that the realized real interest rates were equal in these cases. The results with the WPI in Table 3 also exhibit a similar tendency of increasing the slope coefficient estimates towards unity as the maturity extends. In no case is the joint hypothesis of h= 0 and i= 1 rejected at the 5 year horizon. These findings suggest that in general ex post real interest rates tend to be equalized at long-horizons but not at short-horizons. Nevertheless, it should be emphasized that the findings are based on the realized values and do not necessarily inform us on whether expected real interest rates are equal. In the following sections, we investigate whether the ex ante real interest rates show a similar tendency.
RIP at short and long horizons
In a simple linear regression framework, one may wish to test equalization of the expected real interest rates by estimating
We pre-tested the ex post real interest rates using the ADF -GLS test of Elliott et al. (1996) . For the short-horizon data the unit root hypothesis is rejected unanimously. For the long-horizon data, however, the sample period is substantially shorter and consequently the test often fails to reject. Yet some of the long-horizon series also fail to reject the null hypothesis of stationarity against a unit root by the LM test of Kwiatkowski et al. (1992) . While the test results do not provide unambiguous evidence, it is unlikely for real rates of return to possess unbounded mean and variance. Thus, we treat all ex post real interest rates as stationary series. These results, as well as those for inflation, are available upon request. a Panels A and B summarize the estimation results of Eq. (7) in the text with CPI inflation at short and long horizons, respectively. The second and third columns of each panel contain the coefficient estimates with the corrected standard errors in the parentheses below. The fourth and fifth columns provide the Wald test statistics for the null hypothesis indicated in the top row. P-values are placed in the square brackets under the test statistics. ** and *denote statistical significance at 1 and 5% levels, respectively. The sample periods are as specified in Appendix A. (7) in the text with WPI inflation at short and long horizons, respectively. The second and third columns of each panel contain the coefficient estimates with the corrected standard errors in the parentheses below. The fourth and fifth columns provide the Wald test statistics for the null hypothesis indicated in the top row. P-values are placed in the square brackets under the test statistics. ** and *denote statistical significance at 1 and 5% levels, respectively. The sample periods are as specified in Appendix A. 
RIP under rational expectations
Assume that inflationary expectations are rationally formed so that:
where x t,t + k and x* t,t + k are the k-period ahead rational inflation forecast errors that are uncorrelated with any time t information. Substituting Eq. (9) into Eq. (8) gives:
where t + k ix* t + k −x t + k . The condition h=0 and i= 1 in Eq. (10) means that the expected real interest rates are equal assuming that expectations are unbiased. Rejection of the condition can arise when either expected real interest rates are not equal or expectations are not unbiased, or both. We estimate Eq. (10) by the GMM with the lagged 3 month real interest rates at t−k −3 through t − k as the instruments. 7 The results are summarized in Table 4 for CPI real rates and Table 5 for WPI rates, respectively. The CPI results indicate that over short horizons h is generally significantly different from zero while i is not. This suggests that the short horizon ex ante real interest rates of the US have no relationship with those of the other G-7 countries. With a 5 year horizon, however, the results change dramatically. For Canada and the UK, the estimates of i, reflecting the comovement of the expected real interest rates, are significantly positive and close to unity. On the other hand, the estimates of h, measuring the expected real interest rate differentials, are not significantly different from zero. In fact, we fail to reject the composite hypothesis of RIP and rational expectations for the UK at a 5 year horizon. The 10 year horizon results are somewhat less supportive of RIP. The constants are significantly different from zero except for the UK and the slope coefficients deviate from unity, although they are generally significantly positive. In Fig. 1 , the estimates of i for Germany and the UK are graphed by horizons. The stark contrast between the short and long horizon RIP results are well summarized in the figure.
The results with the WPI in Table 5 also exhibits quite a similar pattern to those with CPI except that no supportive evidence of RIP is found for Germany, regardless of the horizons. Again, at a 5 year horizon the composite RIP/rational expectations hypothesis is not rejected for Canada. In summary, independent of the choice of the price data, we find a rather unambiguous pattern in the test results 7 Note that ordinary least squares estimates of Eq. (10) will be biased since the regressor, the realized real interest rate, measures the expected real interest rate with an error as Eq. (9) indicates. Also, for the GMM estimation, the regressor in the current period should not be used as an instrument due to the correlation between y t,t + k * and x t + k * . To avoid biased estimates, proper instruments need to be lagged at least by k periods. Fujii, M. Chinn / Int. Fin. Markets, Inst. and (10) in the text with CPI inflation at short and long horizons, respectively. For all cases, the instruments are the 3 month real interest rates lagged by k through k+3, where k is the maturity in quarters. The second and third columns contain the coefficient estimates with the corrected standard errors in the parentheses below. The fourth and fifth columns provide the Wald test statistics for the null hypothesis indicated in the top row. P-values are placed in the square brackets under the test statistics. The sample period is 1973Q1-1990Q1. ** and *denote statistical significance at 1 and 5% levels, respectively. that evidence for ex ante RIP becomes stronger at long horizons. This is a novel finding. While numerous previous studies rejected RIP, they are based almost exclusively on short horizon data. An important exception to this is the work of Jorion (1996) who rejects RIP at 3 month-5 year horizons using monthly data for the US, Germany and the UK for the 1973-1991 period. In obtaining the contrasting results, our study differs from Jorion (1996) in several important aspects. First, the data sets used in the two studies differ. Perhaps most importantly, our data has a longer sample period extending to the first quarter of 2000. Also, our long-horizon analyses incorporate 10 year horizon data in addition to 5 year data. Second, we tested RIP by examining if two expected real interest rates have a tendency to move exactly one for one and if their difference is on an average null. On the other hand, Jorion (1996) imposes one-for-one comovement between two expected real interest rates and investigates if their differentials are systematically related to currently available information. By finding that the current nominal interest differentials contain significant information about future real interest differentials, Jorion (1996) rejects RIP under rational expectations. While closely related, the two methods also use alternative instruments in the estimation procedure, and hence, the results need not be identical. Finally, we conduct a number of robustness checks, including allowing for alternative methods of modeling inflationary expectations.
RIP with forecasted inflation rates
In the absence of the data on expected inflation rates, forecasted inflation series are often used as a proxy variable. We use the univariate time series forecast of inflation as a proxy for the unobserved expected inflation rates. Specifically, the actual quarterly inflation series are modeled as autoregressive (AR) processes. 8 The maximum order of the AR structure is set to 12, and the Schwarz-Bayesian criteria a Panels A and B summarize the generalized method of moments estimation results of Eq. (10) in the text with WPI inflation at short and long horizons, respectively. For all cases, the instruments are the 3 month real interest rates lagged by k through k+3, where k is the maturity in quarters. The second and third columns contain the coefficient estimates with the corrected standard errors in the parentheses below. The fourth and fifth columns provide the Wald test statistics for the null hypothesis indicated in the top row. P-values are placed in the square brackets under the test statistics. The sample period is 1973Q1-1990Q1. ** and *denote statistical significance at 1 and 5% levels, respectively.
(SBC) is used in selecting the model specification. Once the models are selected, the expected inflation series are constructed by performing rolling regression and forecast exercises. We conduct fixed sample period estimations and out-of-sample forecast with the originating sample period being 1957Q2-1983Q1 (104 observations). With each estimation, the next 3 month-10 year inflation rates are forecasted. As we roll through each forecast period, the parameter estimates are updated with the addition of each new data point. One advantage of the out-ofsample forecast is that it will allow us to construct the expected inflation rates, both short and long, all through 2000Q1. Therefore, although 1973Q1-1983Q1 observations are subsumed into the originating sample period, there will be no loss in terms of sample size as we are able to estimate the expected real interest rates at 1983Q1-2000Q1.
9 Table 6 presents the selected AR specifications. Using these model specifications, the future inflation rates are forecasted at short and long horizons and substituted into Eq. (8) as the expected inflation. The estimation results of Eq. (8) with the forecasted CPI and WPI inflation series are provided in Tables 7 and 8 , respec- Table 6 The selected model specifications for the quarterly inflation series (2) n.a. Italy AR (1) AR (4) Japan AR (3) AR (4) UK a The Schwarz-Bayesian criteria is used to select the model specifications. 9 Note that RIP estimations in Sections 4.1 and 4.2 have different sample periods, and hence their results can differ.
/typeset2:/sco3/jobs1/ELSEVIER/inn/week.13/Pinn113.0011011 Tue Apr 24 15:10:14 2001 Page tively. The use of the forecasted CPI inflation rates yields a less clear distinction between the short and long horizon results. The significantly positive values of the slope coefficient estimates are found at short as well as long horizons. However, these estimates of i are also significantly different from unity in all cases, and the joint hypothesis of h=0 and i =1 is universally rejected. Further, there appears no consensus across countries in the relationship between the size of the point estimates of i and the maturity. More informative observations are found in the results with the forecasted WPI inflation summarized by Table 8 . As in the case of CPI, at a short horizon, the slope coefficient estimates are far below unity, though significantly positive, except for Germany as seen in Panel A of the table. Further h is significantly different from null, indicating the expected real interest rates remain unequal. Consequently the joint hypothesis of h =0 and i =1 is rejected unanimously. At a long horizon, however, the RIP regression obtains remarkable results particularly for Germany and Japan. For Germany, all of the long maturity estimates yield a slope coefficient value statistically equal to unity. Also, the constant term is insignificant except for the synthetic 10 year rate. Consequently, in two out of three cases the joint hypothesis of h =0 and i = 1 is not rejected for Germany at the conventional level of statistical significance. The results should be contrasted with those of the short-horizon estimates in which the RIP hypothesis is decisively rejected. As in the case of Germany, the coefficient estimates for Japan are also statistically indistinguishable from the theoretically implied value of unity, and the estimated constants are not statistically significant. The hypotheses of h= 0 and i= 1, although rejected jointly, are not rejected individually. To highlight the difference between the short-and long-horizon results, the point estimates of i for Germany and Japan are shown in Fig. 2 . Also note that supportive evidence for long horizon RIP is provided also by the synthetic 5 year maturity data for the UK which does not reject the joint hypotheses of h = 0 and i= 1.
While CPI and WPI results discussed above are rather different, it is not uncommon to obtain dissimilar results when using alternative price deflators.
10
When deflating yields, the CPI and the WPI generate conceptually different real rates of return. From the firm's viewpoint, the WPI may be more appropriate since the WPI is more likely to measure the price of the firm's output. From an investor's point of view, on the other hand, a better price index might be the CPI, as it better measures the price of a consumption bundle.
We also believe that the dissimilarity in the empirical results is due partly to the time series structure of the price series. The German and Japanese WPI, deflators that yield positive evidence in support of RIP, are adequately modeled as AR (1) processes, which makes inflation forecasting fairly straightforward.
Although the RIP results with the forecasted inflation are generally not as clear-cut as those with the unbiasedness hypothesis in the previous section, we still find a few cases where the short-and long-horizon estimates are drastically (8) in the text with forecasted CPI inflation rates at short and long horizons, respectively. The second and third columns contain the coefficient estimates with the corrected standard errors in the parentheses below. The fourth and fifth columns provide the Wald test statistics for the null hypothesis indicated in the top row. P-values are placed in the square brackets under the test statistics. ** and *denote statistical significance at 1 and 5% levels, respectively. The sample period is 1983Q1-2000Q1. different. In these cases, the evidence for the RIP hypothesis is once again much stronger at a long horizon.
Conclusions
We have reevaluated the evidence regarding capital mobility by examining equalization of real interest rates across the G-7 countries. The definition we adopt is, admittedly, quite specific. It is a definition at once broader than financial capital mobility, and narrower than the unhindered flow of saving and physical investment over borders. We believe such a definition is in some ways the most important for economic behavior. First, onshore rates embody the political risk that is important for firm decisions regarding investment. Second, long-term rates are more directly linked to the rates at which firms borrow from the capital markets and increasingly, as restrictions on government bond transactions are eliminated, the rates at which investors save. Third, if investors care for the rates of return to their investments in terms of physical goods, the rates measured at horizons over which goods prices can fully adjust would be the most relevant measure.
While RIP has been repeatedly rejected by the numerous preceding studies, our examination of the longer maturity yields obtains a much more favorable evidence. We tested the RIP hypothesis first by assuming that expectations are rational and then by using time series forecasts of future inflation rates. With both methods we find cases where the hypothesis of equal ex ante real interests cannot be rejected for the selected G-7 countries at a 5 and/or a 10 year horizon. Clearly the long horizon interest rate data we adopt are not free from various distortions and shortcomings as already noted in Section 1, and thus, the empirical results need to be interpreted with caution. Nevertheless, they suggest that by the end of the last century, real rates of return were virtually equalized among the key industrialized economies.
In presenting the results, we have refrained from discussing why RIP appears to hold better at long than short horizons. We believe that the result arises from two (8) in the text for the German and Japanese data with forecasted WPI inflation by horizons. The synthetic 5 year interest rate data is not available for Japan, and hence, the corresponding estimate of i is not graphed.)
causes. First, as the recent studies by Meredith and Chinn (1998) and Alexius (1998) report, UIP holds better at long than short horizons. Second, relative PPP appears to hold better at longer horizons. Our findings therefore add to the growing consensus that at long horizons, arbitrage conditions exert greater force on international goods and asset markets so that the fundamentals matter (Flood and Taylor, 1997) . For future work, it would be useful to examine a broader set of financial instruments, as such data become available, to see if a similar conclusion is obtained. (a) The 10 year government bond rates These are end-of-month yields on benchmark government bonds of 10 year maturity at the date of issuance used by Edison and Pauls (1993) . 
